The validity of Bergmann's rule, perhaps the best known ecogeographical rule, has been questioned for ectothermic species. Here, we explore the interspecific version of the rule documenting body size gradients for anurans across the whole New World and evaluating which environmental variables best explain the observed patterns. We assembled a dataset of body sizes for 2761 anuran species of the Western Hemisphere and conducted assemblage-based and cross-species analyses that consider the spatial and phylogenetic structure in the data. In accordance with heat and water-related explanations for body size clines, we found a consistent association of median body size and potential evapotranspiration across the New World. A relevant role of water availability also emerges, suggesting the joint importance of body size for thermoregulation and hydroregulation in anurans. Anurans do not follow a simple Bergmannian pattern of increasing size towards high latitudes. Consistent with previous regional findings, our Hemisphere-wide analyses detect that the geographic variation in anuran body sizes is highly dependent on a trade-off between heat and water balance. The observed size-climate relationships possibly emerge from the interplay between thermoregulatory abilities and the benefits inherent to reduced surface-to-volume ratios in larger species, which decrease the rates of evaporative water loss and favour heat retention. Our results also show how temperature becomes important for species that are directly in contact with the substrate and water, like burrowing and terrestrial anurans, while arboreal species exhibit a body size cline linked with potential evapotranspiration.
Introduction
Geographical patterns in the variation of biological traits, the so-called 'ecogeographical rules', provide insights into the ecological and evolutionary processes that allow species to persist in their environment (Mayr 1956 , Lomolino et al. 2006 . These rules describe systematic trends in biological attributes of species and its covariation with position (e.g. latitude, longitude, altitude, depth) or environmental variables (e.g. temperature, precipitation, salinity) (Gaston et al. 2008) . While much debate still exists around the validity of most ecogeographical rules and the extent to which they can be considered general laws of nature, there is an increasing consensus that the documentation of exceptions to the rules can also be very informative on possible underlying mechanisms (Olalla-Tárraga 2011).
Bergmann's rule, which states that among closely related species body size increases towards colder environments at higher latitudes (Bergmann 1847 , James 1970 , is arguably the best known ecogeographical rule. Bergmann (1847) originally conceived this latitudinal size gradient for warmblooded vertebrates, arguing that large bodied species show better heat conservation due to their reduced surface areato-volume ratios (Gaston et al. 2008) . In cold environments, endothermic animals are not only physiologically constrained to maintain their body temperatures but must also reduce energetic costs (Bennett and Ruben 1979, Hickman et al. 2010) . Heat production in endotherms is related to body volume while dissipation occurs through the external surface, thus enabling large-bodied animals to produce more heat while losing less (Peters 1983) . Hence, the original adaptive mechanism (heat conservation) behind Bergmann's rule is linked to the selective advantage of larger animals in cooler climates to conserve metabolic heat (Lindsey 1966 , James 1970 .
Although well supported in birds and mammals (Hawkins and Diniz-Filho 2006 , Rodríguez et al. 2006 , Olson et al. 2009 , Pincheira-Donoso 2010 , the generality of Bergmann's rule is still questioned in ectotherms. Numerous studies have shown that many ectotherms also display clinal variation in body size (Mousseau 1997 , Ashton 2002 , Ashton and Feldman 2003 , Cruz et al. 2005 , Pincheira-Donoso et al. 2007 , whereas others present conflicting results (Partridge and Coyne 1997 , Arnett and Gotelli 1999 , Belk and Houston 2002 , de Queiroz and Ashton 2004 . Therefore, the applicability of Bergmann's rule to cold-blooded animals remains unclear (Blackburn et al. 1999 , Ashton 2002 , Ashton and Feldman 2003 , Adams and Church 2008 , PincheiraDonoso et al. 2008 . Among amphibians, contrasting evidence exists at both the intra- (Ashton 2002, Adams and Church 2008) and interspecific levels of analysis (OlallaTárraga and Rodríguez 2007, Slavenko and Meiri 2015) . In fact, some studies suggest that amphibians follow Bergmann's rule (Lindsey 1966 , de Queiroz and Ashton 2004 , OlallaTárraga and Rodríguez 2007 , Gouveia et al. 2013 , others report the converse trend (Olalla-Tárraga and Rodríguez 2007 , Cvetkovic´ et al. 2009 ), whereas some findings only reveal weak relationships between environmental temperature and body size (Ashton 2002, Slavenko and Meiri 2015) .
Much of the controversy around Bergmann's rule stems from the conflation between pattern and process and claims that the rule can only be declared to be valid under explicit falsificationist tests of the original heat retention mechanism (see arguments presented in the debate between Watt et al. 2010 and Olalla-Tárraga 2011) . Amphibian species do not produce sufficient heat via metabolic activity and depend on their immediate surroundings to warm their bodies (Wells 2007) . Thereby, the occurrence of large-bodied amphibian species in cold environments would be a priori limited due to their longer heating times (Hillman et al. 2009 ). Some amphibians, however, show behavioral control of their body temperature by basking in direct sunlight or on warm substrates (Wells 2007) , and partially overcome constraints for heat acquisition in cold environments (Olalla-Tárraga and Rodríguez 2007) . Large thermoregulating amphibians would benefit from faster heating rates and better heat retention in cold environments, so that their activity times and energy demands would not be compromised. Therefore, it is still plausible that a thermoregulatory mechanism underlies body size clines in anurans (Olalla-Tárraga et al. 2006 , Olalla-Tárraga and Rodríguez 2007 . This is the basis of the 'heat balance hypothesis', which considers both heat loss and heat gain processes as a unifying explanation for size clines in both endotherms and ectotherms with thermoregulatory abilities (Olalla-Tárraga and Rodríguez 2007) .
In this scenario of intense debate about the applicability of Bergmann's rule to ectothermic organisms, a set of alternative environmental hypotheses has also been suggested, but most of them remain largely untested especially over macroclimatic gradients at continental scales (Ashton 2002 , OlallaTárraga et al. 2009 , Gouveia et al. 2013 . McNab (1971 McNab ( , 2010 stated that a species becomes smaller or larger depending on the abundance, size, and availability of resources, suggesting a pattern called the 'resource rule'. Thus, latitudinal size trends in many animals would respond to primary or secondary resource exploitation (Rosenzweig 1968 , McNab 2009 ). This is also called the 'primary productivity hypothesis', which claims that larger species will be favoured in more productive regions, where their energetic requirements can be fulfilled (Rosenzweig 1968) . Bearing in mind that water availability in the environment critically affects nearly every aspect of anuran life-cycles (Wells 2007) , water-related variables have also been considered as major correlates of spatial patterns in body size (Olalla-Tárraga et al. 2009 ). Specifically, the 'water conservation hypothesis' posits that body sizes increase towards regions with pronounced dry seasons thus reflecting that lower surface area-to-volume ratios are also advantageous to minimize water loss by evapotranspiration (Ashton 2002) . This hypothesis was recently revisited by Gouveia and Correia (2016) , which showed that for tree frogs and salamanders, water conservation is a more suitable explanation of the variation in the body size of amphibians. Finally, the 'habitat availability hypothesis' was proposed to account for the effects of habitat zonation on body size gradients. In a study of Bergmann's rule for terrestrial mammals in the New World, Rodríguez et al. (2008) found that the interaction between macroclimate and topography generates strong habitat zonation gradients in tropical and subtropical mountains which may have acted as environmental filters for the occurence of larger species.
Despite there has been increasing interest in clarifying whether anuran body sizes respond to environmental variation or not, most previous research has been taxonomically and geographically restricted, which has prevented the search for size cline patterns and the identification of possible causal mechanisms (Ashton 2002 , Olalla-Tárraga and Rodríguez 2007 , Adams and Church 2008 , Olalla-Tárraga et al. 2009 , Gouveia et al. 2013 , Slavenko and Meiri 2015 . While anurans are extensively distributed worldwide, ranging from subarctic to tropical regions, nearly every previous study has focused on analyzing Holarctic species or selected parts of the Neotropics only (Olalla-Tárraga and Rodríguez 2007 , Olalla-Tárraga et al. 2009 , Gouveia et al. 2013 , Slavenko and Meiri 2015 . Studies with narrow geographic scope may have failed to detect body size patterns because they do not comprise enough geographic and climatic variation that may promote phenotypic divergence Blackburn 2000, Gaston 2003 ). This generates some issues in evaluating body size clines, once narrow ranges of environmental variation hamper studied species to experience sufficient selection that would result in marked morphological gradients (Phillimore et al. 2007 , Birand et al. 2012 ). Then, a broader geographical approach, encompassing a wider range of environmental conditions, is necessary if we are to document body size clines in respect to climate variation. Hence, the existing empirical evidence may not be enough to robustly conclude about the validity of Bergmann's rule for amphibians.
Methodological issues also plague the analysis of geographic clines in body size (Gaston and Blackburn 2000) . Despite originally formulated as an interspecific pattern, Bergmann's rule has often been tested at the intraspecific level (neo-Bergmannian rule sensu James 1970) since its reformulation by Rensch in the 1930s (Meiri 2011 , Olalla-Tárraga 2011 . However, phylogenetically restricted data sets usually fail to detect the true pattern because body size clines are also expected to result from species turnover across macroclimates (Blackburn et al. 1999) . Studies that encompass higher taxa of a region are more likely to detect selection pressures for larger sizes in cooler climates (Blackburn et al. 1999) . Over the past ten years Bergmann's rule has increasingly been studied at the interspecific level following two different approaches: assemblage-based and cross-species methods. The assemblage approach is a spatially explicit method consisting in a subdivision of the geographic space into grid-cells and averaging body sizes of all co-occurring species within each cell (OlallaTárraga et al. 2010 ). Alternatively a cross-species approach considers each species as an independent unit of analysis and uses latitude or a single measure of an environmental parameter against which body size is regressed . Although both approaches are widely adopted in macroecological studies, they can be misused. Assemblagebased approaches have been criticized due to their potential sensitivity to spatial autocorrelation, species richness, and the size index used in the analysis (Meiri and Thomas 2007) . On the other hand, cross-species analyses can be affected by type I errors derived from pseudoreplication caused by phylogenetic non-independence of the data, which requires the use of phylogenetic comparative methods ). Although both approaches should be viewed as complementary, they are rarely tested jointly for the same set of species (but see Torres-Romero et al. 2016) .
Here, we examine the occurrence of geographic body size gradients in anurans accross the New World. We adopt both assemblage-based and cross-species approaches to document the interspecific variation in body size across entire continental gradients and examine the importance of environmental predictors in explaining the observed clines. For the first time, a broader taxonomic and geographic scale is being considered to evalute Bergmann's rule and to test a set of alternative environmental hypotheses. More specifically, we evaluate the following four hypotheses: heat balance (James 1970, Olalla-Tárraga and Rodríguez 2007) , primary productivity (Rosenzweig 1968) , water conservation (Ashton 2002 ) and habitat availability (August 1983 ).
Material and methods

Species data
We downloaded distribution range maps from the IUCN Red List (< www.iucnredlist.org >, accessed in June 2014) for all anuran species present in the New World and overlaid them with a Behrmann equal-area grid of 4209 cells (each with a size of 96.3 × 96.3 km) to obtain a presence/absence matrix. We then computed values of each predictor (see below) to characterize the environmental conditions within grid-cells. Mapping handling and variable processing were performed with 'raster' package ver. 2.4 available in R environment (Hijmans et al. 2015) .
We compiled body sizes from the published literature to build a large database that comprises information for a total of 1230 anuran species in the New World (Supplementary material Appendix 2). We completed our database with body size data provided in the AmphiBIO trait database for amphibians (Oliveira et al. 2017) . This allowed us to assemble data for 2761 New World's species in total (Supplementary material Appendix 2). These species are representative of those that co-occurr in anuran assemblages across the whole New World representing 94.39 % of total species (Fig. 1a) . Body size for each species was obtained as maximum snout-vent length (adult SVL in mm) and was log10-transformed to minimize the effects of typically right-skewed body size distributions. To avoid problems related to body size dimorphism, we choose to compile SVL measurements from females only. Maximum SVL was used because it is an indicative of the potential size of organisms with indeterminate growth (Hariharan et al. 2015, Levy and Heald 2015) , and is the most common size measurement provided in the literature and frequently used in similar macroecological analyses. Following Olalla-Tárraga and Rodríguez (2007) , the database does not include five freeze-tolerant North American anurans in our analyses (Hyla chrysoscelis, Hyla versicolor, Pseudacris triseriata, Pseudacris crucifer and Rana sylvatica), whose geographic distributions are independent of body size and reflect a unique physiological adaptation to survive at extremely cold temperatures (Layne and Lee 1995, Storey and Storey 1996) . We did not incorporate intraspecific variation in body size since we assume that intraspecific spatial variation of body sizes is small compared to interspecific spatial variation (Blackburn et al. 1999 , Gaston et al. 2008 ).
Environmental variables
We selected the following 11 environmental variables (associated hypotheses in parentheses):
1. Mean annual temperature (MAT), maximum temperature of the warmest month (MTW), minimum temperature of the coldest month (MTC) and annual potential evapotranspiration (PET) (heat balance): these variables have been widely used in macroecology and biogeography as a measure of the amount of environmental energy (Fisher et al. 2011) , including studies on large-scale body size gradients in amphibians (Olalla-Tárraga and Rodríguez 2007 , OlallaTárraga et al. 2009 ). Following Gouveia and Correia (2016) , we used a Thornthwaite model for PET (a temperature-based model sensu Fisher et al. 2011) , with no explicit indication of water supply in the equation. In temperate cold-limiting regions this PET metric is strongly correlated and essentially indistinguishable from thermal gradients, whereas in watersaturated tropical environments such as the Amazon rain forest the relationship temperature-PET is decoupled (Gouveia and Correia 2016) . Hence, PET is deemed to be a more complete proxy variable than temperature to account not only for the energy regime (Fisher et al. 2011) , but also the environmental capacity to remove water in certain Neotropical ecoregions (Gouveia and Correia 2016) . MAT, MTW and MTC were downloaded from WorldClim (Hijmans et al. 2005 ) and annual PET from Willmott and Matsuura (2001) , both with a spatial resolution of 0.5°.
2. Normalized difference vegetation index (NDVI) (primary productivity): we calculated mean annual values of NDVI as our proxy of primary productivity. NDVI measures wavelenghts and intensity of infra-red and visible light reflected by the Earth surface to determine the concentration of green leaf vegetation on the planet. This variable has already been shown to be correlated with vegetation biomass in several ecosystems (Myneni et al. 1995 , Pettorelli et al. 2005 and is frequently used as a proxy for productivity (Valenzuela-Sánchez et al. 2015) . Data were obtained at a resolution of 1° from < http://earthobservatory.nasa.gov/ >.
3. Annual precipitation (AP), precipitation of the wettest month (PW) and precipitation of the driest month (PD). Water deficit (WD) and aridity index (Ari) (water conservation): these three variables were used as indicators of the availability of water and moisture in the environment. AP, PW and PD were obtained from WorldClim (Hijmans et al. 2005) for the period ~1950-2000 (resolution of 0.16°). Following Olalla-Tárraga et al. (2009), WD was calculated as PET minus annual actual evapotranspiration (AET) at a resolution of 0.5° from data in Willmott and Matsuura (2001) . The aridity index has been developed to quantify precipitation availability over an atmospheric water demand and is calculated as the quotient of mean annual precipitation and annual PET (Zomer et al. 2008) . Aridity data were downloaded from the Geospatial Database at a spatial resolution of 0.008° (< www.cgiarcsi.org >). Values of the index decrease towards more arid conditions. 4. Elevation range (Ele) (habitat avalability): elevation range is an estimate of habitat availability at the mesoscale (Hawkins and Diniz-Filho 2006) . We downloaded elevation data from GTOPO (< https://lta.cr.usgs.gov/GTOPO30 >), at a resolution of 0.008° to incorporate the topography in our models.
We summarized the values of the predictors for both the assemblage-based and cross-species analyses. For the former, mean values of each predictor were computed for each gridcell. Statistical analyses were run for anurans across the whole New World and separately for the Nearctic and Neotropical regions.
Assemblage-based analyses
Body size distributions tend to remain right-skewed and deviate significantly from normality even after a logarithmic transformation (Schoener and Janzen 1968) . We detected that the majority of grid-cells in the Americas show positive skewness (Supporting material Appendix 1 Fig. A1 ) and decided to use medians instead of means as descriptors of body size for each species assemblage (Meiri and Thomas 2007) . We first calculated Pearson correlation coefficients to explore the relationships between median body size and our predictors. To obtain unbiased coefficients and control for spatial autocorrelation in environmental predictors and body size, we implemented a modified t-test which uses spatial correlograms to calculate geographically effective degrees of freedom (Legendre 1993) .
We then ran multiple regressions including different combinations of predictors and performed a model selection based on information theory using Akaike information criterion (AIC) (Burnham and Anderson 2002) . We calculated ∆AIC (∆AIC i =AIC i -minAIC) to compare competing models that best fit our data and Akaike's weightings (w i ) to estimate the probability of each model to be the best explanatory one. To identify the contribution of each environmental variable in multiple regressions and the relative support for each hypothesis we used standardized partial regression coefficients (Hargens 1976 ). We did not include highly correlated variables (as assessed by variance inflation factor values lower than 10) in multiple regression models to minimize multicollinearity. Hence, annual temperature, annual precipitation (correlated with MTW, MTC and PET, respectively) and aridity (correlated with AP, PW and WD, respectively) were excluded from multiple regressions (Supporting material Appendix 1 Table A1 ). Since spatial data units are not statistically independent and this can lead to an underestimation of error variances, we obtained eigenvector-based spatial filters and included them as predictors in multiple regression models to control for spatial autocorrelation. Spatial filters have been shown to be an effective way to miminize spatial autocorrelation at different spatial scales (Diniz-Filho and Bini 2005) . To avoid an overcorrection for spatial autocorrelation, we selected non-redundant filters using maximization of the coefficients of determination and minimization of residual spatial autocorrelation as a criterium (Diniz-Filho and Bini 2005) . We also excluded non-significant filters to avoid strong collinearity between environmental variables and the filters and evaluated if this approach removed residual spatial autocorrelation using spatial correlograms of our best fitted models.
Similarly, to address concerns about the potential effects of species richness on assemblage-based analyses (Meiri and Thomas 2007) , we adjusted median body size in grid cells by the number of species using species richness as weighting factor in a weighted regression (Carroll and Ruppert 1988) . A weighted regression is a method used when the least squares assumption of constant variance in the errors is violated (Carroll and Ruppert 1988) . This special case of generalized least squares reflects the behavior of the random errors in the model, it works by incorporating extra nonnegative constants (e.g. weights). We evaluated changes in the ranks of coeficients by comparing the standardized partial regression coefficients for each predictor and the coefficient of determination (R 2 ) for each model. We performed assemblage-based analyses in SAM ver. 4.0 (Rangel et al. 2010 ).
Cross-species analyses
To assess the congruence between two types of interspecific analyses and verify if the main predictors of body size remain the same in assemblage-based and cross-species methods we conducted a species-level comparative analysis. We characterized the environmental conditions experienced by each species across their distributional range and regressed body size against each predictor. We performed a phylogenetic generalized least squares regression (PGLS) which uses the phylogenetic relationships between species to generate an estimate of expected covariance in cross-species data. PGLS does not lead to a problem of overcorrection for phylogeny because if there is no phylogenetic signal in the data parameter estimates will be equal to an ordinary least square regression (Garamszegi 2014) . To perform PGLS analyses we used a large-scale phylogeny which includes over 2800 amphibian species (Pyron and Wiens 2011) , which is the most complete phylogenetic hypothesis to date and is suitable for our work because it does not present polytomies and includes all the species for which we have body size data. For all models we used a maximumlikelihood value (ML) of λ (Pagel 1999) . The λ parameter adjust the internal branch lengths of the tree by keeping all tips contemporaneous (Freckleton et al. 2002) . By setting λ as 'ML'we optimize the branch length transformations to find the best one given the data and the model (Freckleton et al. 2002) . The values of κ and δ were set as 1, following the standard practice. We then adjusted all R 2 values for all variables. When analyzing body size spatial variation in ectotherms one must consider the habitat on which the species occur, once their surroundings are their main source of energy. As indicated by Hillman et al. (2009) , amphibian species inhabit a variety of habitats and their occupancy will depend to the availability of water and their ability to cope with the environmental constraints of each microhabitat type. With this in mind, we chose to run a PGLS analysis including microhabitat data from Moen and Wiens (2017) using the same classification assigned by them (aquatic, arboreal, terrestrial, burrowing, semiarboreal, semiaquatic and semiburrowing). We ran PGLS analysis with CAPER package in R environment 3.0.2 (Orme et al. 2013 ).
Data deposition
Data available from the Dryad Digital Repository: < http:// dx.doi.org/10.5061/dryad.hn5md92 > (Amado et al. 2018 ).
Results
Assemblage-based analyses
The median body size of anurans shows a geographic gradient with the largest species being found towards the north of Nearctic and the west coast of the Neotropics, especially in southern parts of the Andes (Fig. 1b) . This region is characterized for having a semiarid and cool climate. The smallest sizes are found between south of the Nearctic and centralnorth of the Neotropic (Fig. 1b) . Interestingly, medium sizes can be observed across the South America 'dry diagonal', which comprises Caatinga, Cerrado and Chaco biomes. The multimodel selection approach identified five models in the New World and Nearctic and two models in the Neotropics that best fit our data with ∆AIC ≤ 2 (Supplementary material Appendix 1 Table A2 ). These models in the New World, Nearctic and Neotropic presented a good fit and were indistinguishable (Supplementary material Appendix 1 Table A2 ). Thus, in order to better test the four proposed hypotheses along the continent, we chose to use the model that included all variables.
Assemblage-based analyses show that median body size was negatively correlated with PET, which consistently emerges as the strongest predictor across the Americas (R 2 = 0.64, Table 1a ). Range in elevation was positively correlated with body size and ranked second according to its standardized regression coefficient (Table 1a) . Precipitation of the wettest month also had a significant and negative standardized regression coefficient and ranked third in terms of importance. Ranks of the most important explanatory variables remained the same after the inclusion of spatial filters as predictors and species richness as a weighting factor in regression models (Table 1a) . Hence, our results are not an artifact of spatial autocorrelation or the uneven distribution of species richness across space. A multiple regression model in the Nearctic explained 41% of variance (Table 1b) and anuran median body size described a pattern consistent with water availability in the environment. PW and PD, together with WD, were the best explanatory variables in both spatial and non-spatial models. PET also ranked as a significant correlate, so that the largest species are present in low energy cells in this region, with restricted southern areas occupied by smaller sizes (Fig. 1b) .
In the Neotropics, the single best model described 28% of the variance in body size (Table 1c ). In this model, minimum temperature of the coldest month ranked first (negative sign) and elevation range, maximum precipitation, water deficit and maximum temperature were also important (Table 1c) . Elevation range was negatively and significantly associated with median body size and ranked second, illustrating how habitat complexity jointly with energy availability contribute to shape the occurrence of small and large species along the Neotropics (Fig. 1b) . These results are in accordance with the heat balance, habitat availability and water balance hypotheses.
Cross-species analyses
Results for cross-species analyses were consistent with those reported at the assemblage level for the Western Hemisphere ( Table 2 ). The variation of anuran body sizes strongly fits a Table 1 . Multiple regression models for anuran body size in the New World. Only the best model (∆AIC < 2) with the coefficients of determination (R 2 ) and the standardized partial regression coefficients of predictors are presented. Env+Spa include non-redundant spatial filters as predictors. MAT, mean annual temperature; MTW, maximum temperature of the warmest month; MTC, minimum temperature of the coldest month; AP, annual precipitation; PW, maximum precipitation of the wettest month; PD, minimum precipitation of the driest month; WD, water deficit; Ari., aridity index; PET, potential evapotranspiration; Ele., elevation range; NDVI, normalized difference vegetation index.*p < 0.01. Brownian motion model of evolution (λ = 0.924). Best models included the eight environmental variables that ranked differently in each analyzed group (aquatic, terrestrial, arboreal, burrowing, semi aquatic, semi arboreal and semi burrowing). PET was the best predictor of body size for all anurans that occupy different microhabitats, similar to the assemblage analysis ( Table 2 ). The variation in body size for arboreal species is also associated to PET and Ele. However, PET did not emerge as a significant correlate of body size among aquatic and burrowing species (Table 2a) . For these groups, MTW was the most important and significant predictor. We could not detect any relationship between average body size and environment of species classified as either terrestrial, semiaquatic, semiarboreal or semiburrowing. Results from PGLS are also in agreement with both the heat balance and water availability hypotheses showing that average large sizes are found in regions with low energy and water availability.
Discussion
Anuran body sizes in the New World do not follow a simple Bergmannian pattern of increasing size towards high latitudes. Instead, we detected that body size strongly correlates with the spatial variation in potential evapotranspiration (PET). This general pattern could be interpreted as indicative of an influence of heat and water conservation dynamics on body size, as predicted by the heat balance and water conservation hypotheses (Olalla-Tárraga and Rodríguez 2007 , Ashton 2002 . Furthermore, the joint role of energy and moisture that becomes apparent in separate analyses for the Neartic and Neotropics is indicative of the inherent difficulties to tease apart thermal and hydric constraints in shaping anuran body size variation across water-limiting environments (Olalla-Tárraga et al. 2009 , Gouveia and Correia 2016 , Rapacciuolo et al. 2017 . Larger body size confers better abilities to retain metabolic heat due to the smaller surface-to-volume ratio (Bergmann 1847 , James 1970 . However, this statement neglects that the heat balance of ectothermic animals is not only the result of heat conservation mechanisms but also depends on the potential for energy acquisition. Ectothermic animals are unable to produce metabolic heat to the extent of mammals and birds and must gain heat from their surroundings and regulate their body temperature through behavior (Wells 2007) . Because of that, many researchers have claimed that small-bodied ectothermic species should be favored in low energy environments due to their greater surface-to-volume ratio which would be advantageous to gain heat faster and reduce basking times (Pincheira-Donoso et al. 2008 ). This view ignores that small body size is also associated to more rapid cooling, a disadvantage in cold environments (OlallaTárraga et al. 2006) . Thereby, two opposite selective forces act concomitantly on anuran body size, one favoring smaller sizes to gain heat more rapidly and another one favoring larger sizes to better conserve body temperature (OlallaTárraga and Rodríguez 2007). Most anurans are not strict thermoconformers and have evolved a number of physiological and behavioral mechanisms to increase heating rates and satisfy their energy demands under low environmental temperatures (reviewed in Hillman et al. 2009 ). Short-term movements or posturing allow species to maximize heat gain and overcome the constraints of large sizes in cold climatic conditions. Such behavioral thermoregulation represents an adaptive advantage to increase heating rates (Hillman et al. 2009 ). Thus, heat gain, which is critical to achieve optimal body temperatures in cold climates, is not exclusively sizedependent, whereas a large body provides more thermal inertia and allows to maintain body temperature more effectively (Tracy et al. 2010) . Also, the same mechanism of heat retention may be evoked to explain the association between size clines and variation in water availability, once large sizes enhance water retention in moisture depleted environments (Ashton 2002) .
Our hemisphere-wide analyses highlight a relevant role of water availability, more specifically with the spatial variation in minimum precipitation levels, in the Nearctic in accordance with predictions of the water conservation hypothesis (Ashton 2002 , Olalla-Tárraga et al. 2009 , Gouveia and Correia 2016 . Despite behavioral activities such as basking may enhance heat gain, hydroregulation is difficult to disentangle from thermoregulation in amphibians (McNab 2002) . Anurans have a highly permeable skin and their ability to survive at high temperatures or low humidities critically depends on their capacity to tolerate desiccation. Rates of evaporative water loss increase with decreasing body size (i.e. greater surface to volume ratios) so that small-bodied species are more susceptible to desiccation (Tracy et al. 2010) .
To withstand prolonged periods of high ambient temperature and maintain stable body temperatures, many anurans regulate evaporative water loss through postural adjustments that increase water absorption from moist substrates (Wells 2007, Vitt and Caldwell 2009) . Other species control evaporative cooling by increasing skin resistance (Tracy 2010) . This is the case of 'waterproof ' frogs of the genus Phyllomedusa which show cutaneous control of water exchange (Shoemaker et al. 1989 , Tracy et al. 2010 . Despite the presence of specific adaptations to maintain water in anurans bodies, we still find that larger sizes offer a dehydration tolerance in species that inhabit arid and semiarid environments in the Nearctic and Neotropics (Navas 2003, Vitt and Caldwell 2009) . Thus, as ectotherms that depend on external heat sources, larger anuran species in tropical areas must rely on behavioral and/ or physiological adjustments to reduce heating times and optimize water conservation (Hillman et al. 2009 ). We thus suggest that the interplay between body temperature and water balance has an effect on the variation of body size in most anurans. Since larger sizes allow better heat conservation in cold climates, but can also allow better water conservation (Olalla-Tárraga et al. 2009, Gouveia and Correia 2016) , it is possible that the same mechanism is important throughout the New World. Our results also reveal some interesting aspects of geographical size clines in tropical areas. Although the tropical zone in the New World is dominated by small-sized anurans (Fig. 1) , we were able to detect a gradient associated with with minimum temperature of the coldest month. This pattern can be easly noted by a high frequency of the largest sizes located at the Andean plateau (Fig. 1) . Thermoregulation is particularly important for anurans to survive at high altitudes, where temperatures may be extremely low (McNab 2002) . For example, body temperatures of the Andean toad Rhinella spinulosa are usually above environmental temperatures, including those of the substrate and shaded air temperatures even during the night (Pearson and Bradford 1976, Sinsch 1989 ). This toad replaces water loss during exposure to the sun by the water stored in the bladder, a common mechanism also found in desert amphibians (McNab 2002 , Hillman et al. 2009 ). Due to the high energy availability in the Neotropics, water loss through evapotranspiration is also high. Under such scenario, the need to thermoregulate may hamper the conservation of body water. However, many species also rely on behavior to reduce evaporative water loss by retreating to the shade, even at high latitudes (Pearson and Bradford 1976) . In this way, the largest sizes are benefited in low temperature localities of the Neotropics, a result that is also reflected by the relevance of topographic variation in this realm. This size pattern in the Neotropics may not be simply shaped by an increase in the size of cold climate species but interpreted as a decrease in the sizes of high temperature species (Lindsey 1966) . Anurans are primarily inhabitants of tropical regions and about 80-90% of all anuran species are found in the tropics with species numbers drastically decreasing at higher latitudes (Wiens 2007) . Many anuran species living in warm climates exhibit body temperatures around 30°C and heat gain is not a major constraint in those regions rather than cooling (Hutchison and Dupré 1992) . Thus, several tropical anurans exhibit also some degree of behavioral control of body temperature and their body sizes vary directly with environmental temperature (Hutchison and Dupré 1992) . Then smaller sizes allow species to spend less time heating the body and devote it to reproduction, feeding, and growth, among other activities (Wells 2007) . This is important in tropical regions where abundance of predators is higher than in temperate latitudes and predation selection may determine body size tendencies (Rohde 1998) . Then, by decreasing the time to actively thermoregulate, many species would be less vulnerable to predation due to exposure in more lighted microhabitats. Moreover, smaller sizes are advantageous to also reduce overheating through evaporation, which leads to lower body temperature (Lillywhite 1975) .
Different interpretations of evidence for size clines have been hampered by the many factors that can affect body size. This is particularly true for amphibians where different geographic size variation have been found and the detection of general trends is less evident than in endothermic animals (Ashton 2002 , Olalla-Tárraga and Rodríguez 2007 , Adams and Church 2008 , Olalla-Tárraga et al. 2009 , Gouveia et al. 2013 . Explanations for anuran body size gradients are necessarily more complex and additional selective forces uncovered by our models may be necessary to gain further insights into the causes. Interestingly, our analyses provided congruent results at the assemblage and cross-species level. Both approaches identified PET as the best predictor for all anurans analysed. Some researchers have claimed that sizeenvironment relationships unveiled by phylogenetically controlled analysis in anurans are weak (Slavenko and Meiri 2015) . Considering the water requirements and environmental energy dependence of anurans, it is difficult to imagine that their biological traits are not driven to some extent by environmental constraints operating both at the microhabitat and the macroclimatic levels (see also Gouveia and Correia 2016) . Despite the multiple causes of geographical body size gradients in amphibians and the inherent difficulties to incorporate all relevant predictors at macroecological scales, our models are still able to detect consistent and significant environmental signals at this spatial scale of analysis. Previously reported findings for anuran size gradients had not considered the different microhabitats in which anurans live. By including such data, we have found that depending on the microhabitat level occupied by species, the importance of environmental correlates of body size can be altered. Despite the presence of anurans in their habitat is dependent on the availability of water, our results show how temperature becomes important for species that are directly in contact with the substrate and water. For aquatic and burrowing anurans, for example, maximum temperature was the most importat determinant of body size. This is specially true for burrowing frogs for which microhabitat preferences reflect a high ability to endure high temperatures and, consequently, evaporative water loss (Hillman et al. 2009 ). In the case of aquatic species, air temperature has already been shown to improve the results of correlations between body size and environmental temperature (Valenzuela-Sánchez et al. 2015) .
In this work, we have shown that the biogeographic variation in body size of New World anurans is well explained by potential evapotranspiration, a variable that reflects both available energy and atmospheric water content (Fisher et al. 2011) . Even after deconstructing our analyses into the two major biogeographical realms in the New World (Nearctic and Neotropics), results remained consistent with predictions of the heat and water conservation hypotheses (OlallaTárraga and Rodríguez 2007). We also found evidence for a role of water availability, in accordance with previous findings in Nearctic amphibians (Olalla-Tárraga et al. 2009 , Gouveia and Correia 2016 , Rapacciuolo et al. 2017 ). The patterns we observe are detectable along the whole American continent even if part of the variance may be related to other factors. Many anuran species have biological and physiological traits that enable them to reach a heat balance via energy exchange with the environment, while their sizes enable them to maintain water in body. Therefore, surface to volume ratios are primarily important for optimizing the heat and water balance of larger anuran species. Finally, we provide evidence that the combination of assemblage and cross-species approaches is helpful to explore and understand the ecological and evolutionary forces that shape broad-scale body size clines.
